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To demonstrate the capabilities of a relative position 
location system for wireless embedded nodes, details are 
provided on an implementation of a hybrid acoustic RF 
ranging technology. This technology leverages an RF 
2.4GHz wireless communications channel to provide inter-
node synchronization, and coordination between nodes, 
while determining the distance between nodes through 
acoustic signaling. This system is similar in concept to the 
recently developed USC and UCLA [1,2], the active bat, 
[3], and the active cricket [4,5] acoustic location systems. It 
operates in a purely peer-to-peer system, as one component 
within the DARPA/ATO Self Healing Minefield prototype 
communication and control system [9]. The acoustic signal 
consists of chaotic sequence emitted from four speakers on 
each node and received on other nodes in the system 
through their four microphones. The time of arrival at each 
microphone, synchronized over the RF channel with the 
acoustic transmit time, enables a range measurement at 
each microphone, which is then used to triangulate the 
source position, or reception angle. Collaboration between 
nodes over the RF channel is also accomplished to ensure 
reception of enough range and angle measurements to 
characterize the position of each node to a desired 
accuracy. Details are provided on the accuracy of this 
robust distributed system, which determines both angle and 
range between wireless nodes autonomously, then uses this 
information to compute a relative position for each node. 
Details on the performance of this system in both indoor 
and outdoor environments are presented. Individual range 
accuracy of less than one meter over tens of meters for up 
to twenty nodes is shown. 

2. COMPARISON OF POSITION 
LOCATION METHODS 
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4. EXPERIMENTAL RESULTS OF 
SHM IMPLEMENTATION 
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Figure 3: Twenty-unit SHM reported field table, compared 
with ground truth locations  (blue +). 
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 Table 2: Significant Error sources for different position location methods. 


